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Photocatalytic degradation of particulate pollutants and self-cleaning performance of 
TiO2-containing silicate coatings and TiO2-containing mortars were experimentally 
examined and compared using rhodamine B (RhB) as a surrogate for airborne 
particulate pollutants. An optimal dosage of the TiO2 in the silicate coating was 
determined from the experiments. The specimens coated with silicate containing 
15% TiO2 by mass of solid silicate had photocatalytic performance comparable to the 
mortar specimens with 2% TiO2 by mass of cement although the former required 20 
times less TiO2 (based on 12-mm thick specimens). The specimens coated with 
silicate containing 15% TiO2 showed satisfactory degradation efficiency in laboratory 
accelerated tests up to 2500 hours of simulated UV irradiation, similar to at least 2.4 
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Air pollution adversely affects human health and is a serious problem in urban 
environment. In particular, airborne particulates in the atmosphere can aggravate 
respiratory problems, trigger cardiovascular issues, degrade visibility, and damage 
buildings [1]. Exploiting the available building surfaces in urban areas to reduce 
ambient pollutants is a cost effective approach if building materials containing 
photocatalysts such as titanium dioxide (TiO2) can remove ambient particulate 
pollutants. This approach serves to provide a cleaner environment, and to maintain 
aesthetic building appearance.   
 
The addition of TiO2 in cements, mortars, or concretes has been examined in many 
studies [e.g. 2-6], which report the photocatalytic effects of such materials and the 
self-cleaning properties of building surfaces made from them. A review of these 
studies was presented in [7] and the various experimental conditions employed in 
these studies are summarized in Table 1(a). While these studies indicate the 
promising self-cleaning efficiencies of TiO2 added to mortars or concretes, this may 
not be cost-effective in applications where abrasion resistance is not a concern, e.g. 
roofs and walls of buildings. Since only the TiO2 exposed to light irradiation can 
actively participate in photocatalysis, most of the TiO2 mixed in mortars or concretes 
are covered and remain unutilized. Maury-Ramirez et al. [8] observed that adding 
TiO2 to coatings is an attractive alternative because the coatings are in direct contact 
to pollutants and photons, and are less affected by cement hydration products. 
However, many oxidants induced from photocatalysts can oxidize organic 
compounds which results in damage to organic paints. Thus, inorganic coatings 
should be used in combination with photocatalysts.  
 
Several studies have attempted to utilize the photocatalytic properties of TiO2 by 
incorporating it in silicate coatings with varying degrees of success [9-15].  A 
summary of the substrates used and applications considered in these studies is 
shown in Table 1(b). However, none of the tests have been conducted on mortar or 
concrete substrate.  
 
The key challenge in comparing the degradation efficiency of materials containing 
TiO2 is the discrepancies of evaluation methods used with two major issues shown in 
Table 1(a). Firstly, the photocatalytic ability is typically defined in terms of the dye 
degradation efficiency. However, surface loading of the dye, initial color on specimen 
surface after dye, and index used to evaluate the degradation efficiency vary among 
the reported studies. Secondly, light sources and intensities used in the reported 
studies differ considerably. Because stronger light intensity on the surface will result 
in higher degradation of the dye, it is difficult to compare the results reported. 
 
Published research shows reduced photocatalytic efficiency of TiO2 with time. Wu et 
al. [16] observed that the irradiation time needed to completely degrade rhodamine B 
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(RhB) on anatase films in the fifth cycle is double of that in the first cycle.  Similarly, 
Asilturk et al. [17] reported longer degradation time of RhB with repeated usage of a 
widely used TiO2 (Degussa P25). This indicates a durability issue in the degradation 
ability of TiO2 and needs further investigation.  
 
This paper presents an experimental study to evaluate the ability of silicate coating 
material containing various dosages of TiO2 to degrade particulate pollutants and to 
self-clean the surface of the coated specimens. An optimal dosage of the TiO2 in the 
silicate coating was determined from the experiments. Our hypothesis is that a lower 
amount of TiO2 incorporated in silicate coating can achieve comparable degradation 
performance as TiO2 mixed in mortar. To verify this hypothesis, we studied the 
degradation ability of TiO2 mixed in mortar as well. A direct comparison of the 
coating and mortar was made possible by using the same light intensity and pollutant 
loading on both the coating and mortar specimens. The photocatalytic performance 
of silicate coating with 15% TiO2 by mass of solid silicate was compared with the 
mortar specimens with 2% TiO2 by mass of cement followed by a detailed 
discussion.  Long-term efficiency of these two types of the specimens in degrading 
particulate pollutant was also studied up to 2500 hours, equivalent to at least 2.4 
years of exposure in a tropical warm and humid condition. 
2. Materials and Methods 
2.1. Materials and specimens  
Silicate coatings and Portland cement mortars with and without titanium dioxide 
(TiO2) were tested in laboratory to evaluate the effect of TiO2 on photocatalytic 
degradation of particulate pollutants. A commercially available TiO2 with about 80% 
anatase and 20% rutile1 was used in this study. Characteristics of the TiO2 provided 
by manufacturer are summarized in Table 2.   
Preparation of mortar specimens 
Normal Portland cement and natural sand with a fineness modulus of 2.97 were 
used for mortar specimens with a water/cement ratio (w/c) of 0.5 and a sand/cement 
ratio (s/c) of 2.5 by mass. Two mortar mixtures contained 2% and 4% TiO2 by mass 
of cement and one control mixture without TiO2 were prepared. The dosages of TiO2 
were selected based on a previous study [18].  
The TiO2 was mixed with water using an ultrasonic mixer (of power 30 Watts) for 10 
minutes to obtain homogeneous TiO2 suspension. The suspension was then mixed 
with other materials in a Hobart mixer at a slow speed for 1 minute and at a high 
speed for 30 seconds. Specimens with a diameter of 87 mm and a thickness of 12 
mm were cast and moist cured at 28–30°C for 7 days followed by exposure to lab air 
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 Degussa P-25, EVONIK Industries AG, Germany 
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for 21 days. Side and bottom surfaces were coated with epoxy to obtain a fixed 
testing surface area (59 cm2) on the top. The top casting surface of the mortar 
specimens was ground to obtain a smooth surface.  
 
Preparation of silicate coated specimens 
 
Commercially available silicate coating material2 commonly used for building 
surfaces was used in this study.  According to the manufacturer, the silicate coating 
is liquid solution containing potassium silicate, silica sol, and organic additives.  The 
silicate coating had a solid content of 13.5% and a pH of approximately 11. The 
silicate coating was selected because of the following reasons:  
(i) The silicate can penetrate into the concrete/mortar substrate and cure under 
room temperature by an irreversible bonding process, forming a hard and 
smooth layer of the coating, which generally will not peel or blister from the 
substrate. Similar chemical components also present in mortar and concrete 
as main binding components, e.g. calcium silicate. 
(ii) Since silicate is an inorganic coating material, it will not be degraded due to 
TiO2 photocatalysis. 
(iii) The adhesiveness of TiO2 in silicate-based coating is more efficient compared 
to acrylic vinyl paint, a commonly used organic paint [13].   
Various dosages of the TiO2 (5%, 10%, 15%, and 20% by mass of solid silicate) was 
mixed with the silicate coating material for 10 min using the ultrasonic mixer. Either 
these mixtures or a control coating without TiO2 were applied to the ground surface 
of the control mortar specimens described above in three coats. Before a new coat 
was applied, the specimens were allowed to dry for at least 3 hours.  
 
2.2. Laboratory test method of photocatalytic degradation 
Experiments were carried out according to an Italian standard UNI 11259 [19], which 
provides a method to measure degradation of RhB dye on mortar specimens due to 
photocatalytic property of TiO2, with two modifications. While the standard 
recommends prism specimens of 160x40x40-mm, the specimens used in the current 
study were circular discs with a diameter of 87 mm and a thickness of 12 mm. The 
purpose of the change was to accommodate the specimens inside our testing 
equipment. The other modification was light source used in the test. The standard 
recommends UVA light (wavelength = 315 – 400 nm) with an intensity of 3.75 ± 0.25 
W/m2, whereas the equipment used in our study produced UV light corresponding to 
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wavelength from 295 nm to 400 nm with an average intensity of ~ 0.35 W/m2 and a 
peak intensity of 0.68 W/m2 at 340 nm. This light source complied with the 
Commission International d'Eclairage specifications for solar spectral irradiance and 
is an excellent simulation of sunlight in the short wavelength UV region from 295nm 
to 365nm, which is the critical region for performance of TiO2. Since the average 
intensity of the light source in our experiments was ten times lower than the intensity 
prescribed in the UNI 11259 standard, the degradation efficiencies reported in this 
study should be considered as lower bounds.   
The RhB is used as a surrogate to simulate particulate pollutants because its 
structure resembles some airborne particulate compounds, such as polycyclic 
aromatic hydrocarbons (PAHs). PAHs are typical particulate pollutants in exhausts of 
combustion processes. The RhB is water soluble with reddish color, and is stable in 
alkaline environments such as the mortars and silicate coatings, making it a good 
candidate for such testing. The RhB was also extensively used in studies [2, 4, 5, 18, 
19, 26, 28] to demonstrate the self cleaning efficiency. The removal efficiencies of 
particulate pollutants in this study were evaluated based on the degradation of RhB 
under UV irradiation. 
Rhodamine B was dissolved in de-ionised water to achieve a concentration of 0.05 
g/L. Five milliliter of this RhB solution was applied on the surface of each specimen 
and the surface loading was 4.2 μg/cm2. The specimens were allowed to dry for 16 
hrs before being exposed to UV irradiation in a Weather Tester QUV/se complying 
with ASTM G 154-06 [20]. The distance between the UV lamps and specimens was 
approximately 35 mm. 
 
Due to the photocatalytic effect of TiO2, color intensity on the specimen surface will 
decrease with an increased exposure to UV irradiation. Color change was measured 
by a spectrophotometer3 at nine different locations (with two measurements at each 
location) as shown in Fig. 1. The measurement area for each location was 
approximately 10 mm in diameter.  
 
Results are expressed in Commission International d'Eclairage LAB system and the 
L* a* b* diagram is shown in Fig. 2. Reading L* defines lightness, readings a* and b* 
denote chromaticities (a* for red/green and b* for yellow/blue).  Since the dominant 
color of the RhB dye is red, (+a*) reading of the specimens was taken before and 
after the UV exposure to evaluate the photocatalytic degradation of RhB. The 
measurements were carried out at 3, 4, 6, 22, 26, 44, 60, and 100 hours after the UV 
exposure until the (+a*) readings dropped below 10% of the initial with some 
exceptions.  
 
                                                          
3
 Konica Minolta Spectrophotometer CM 600d 
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During the application of RhB on the specimens, variations were observed in the 
intensity of the red color at different locations of the specimens. Therefore, relative 
color change ΔC at each location was used to evaluate the photocatalytic 
degradation as follows: 
 
                                                                                                  (1)                                             
where  
 ΔC: Percentage of color change at nth hour 
: intensity of the original specimen without RhB spray,  
: intensity after RhB spray but before the UV irradiation, and 
: intensity of the specimen sprayed with RhB at the nth hour of 
irradiation. 
 
For the mortar and silicate coated specimens, the (+a*) readings of the silicate 
coated specimens were substantially higher than those of the mortar specimens with 
the same RhB loading (Table 3). This might be attributed to the fact that the silicate 
coatings could penetrate into the pores of mortar base, thus the silicate coated 
specimens had lower surface porosity than the mortar specimens. This suggests that 
most of the RhB remain on the surface of the silicate coated specimens but 
penetrate into the mortar specimens. In order to verify the influence of the initial RhB 
loading, photocatalytic tests were carried out with RhB loadings of 4.2 μg/cm2 and 
33.6 μg/cm2 on the mortar specimens with 2% TiO2. Results indicate that the 
photocatalytic degradation efficiency of the specimens can be compared so long as 
the results are normalized with those of respective control specimens.  
 
It has been observed that even in the absence of photocatalyst, dyes can undergo 
degradation with light irradiation. For example, Ruot et al. [4] reported that 
specimens without photocatalyst experienced 30% to 40% color degradation after 30 
hours of UV irradiation. The results are consistent with those from Bolte et al. [5], 
who observed a 24% color degradation of mortar specimens without TiO2 during a 
test of 24 hours. Therefore, to understand the photocatalytic capability of TiO2 in the 
silicate coated specimens and mortar specimens, the degradation efficiencies of 
specimens were further normalized with respect to those of the control ones without 
TiO2. The results are expressed as  divided by . The higher value of 
indicates that the color degradation of the TiO2-containing specimen is 
not significantly different from that of the control specimen, and thus less 
photocatalytic efficient, whereas lower value of  indicates more 
photocatalytic efficient. Average results based on three specimens were reported 
except for the short term test results of silicate coated specimens (presented in 




To evaluate the long-term photocatalytic efficiency or durability of photocatalysis, the 
silicate coated specimens with 15% TiO2 and the mortar specimens with 2% TiO2 
were tested for five cycles according to the scheme shown in Fig. 3. Test duration in 
each cycle was 100 hours, and test method was the same as described above. After 
each test cycle, the specimens were exposed to intermittent UV irradiation (18-h UV 
and 6-h rest) until the next test cycle. After that the RhB was applied to the 
specimens for the next cycle of test. The total duration of UV exposure for the 
specimen was 2500 hours, similar to at least 2.4 years based on a tropical warm and 
humid condition. 
 
For this test, color changes after 4 hrs and 26 hrs of UV irradiation in each test cycle 
are also reported in accordance with UNI 11259.  
 
3. Results and discussion 
3.1. Effects of TiO2 dosage in silicate coatings on photocatalytic degradation of 
particulate pollutants  
 
The photocatalytic degradation efficiency of the silicate coated specimens with 
various TiO2 dosages is shown in Fig. 4. The incorporation of the TiO2 in the silicate 
coatings increased the rate of color recovery substantially compared with that of the 
control coating without TiO2, indicating effective photocatalytic degradation of RhB. 
The degradation efficiency was increased with the increase in TiO2 dosage up to 
about 15%. However, little increase in degradation was observed with a higher 
dosage of 20% TiO2.  
 
3. 2. Photocatalytic degradation efficiency of the mortar specimens with 2% and 4% 
TiO2 and comparison with the silicate coated specimens with 15%TiO2  
 
Fig. 5 illustrates the photocatalytic degradation efficiency of the silicate coated 
specimens and mortar specimens with TiO2. It was observed from the experiments 
that the mortar containing 2% and 4% of TiO2 by weight of cement were able to 
recover ~80% of their initial color at the end of 26 hours. Increasing the TiO2 dosage 
from 2% to 4% in the mortar did not further increase the photocatalytic degradation 
efficiency. Taking into account the varying experimental conditions summarized in 
Table 1(a), it seems that the short-term degradation efficiency of the mortar 
specimens with TiO2 used in this study is comparable to those reported in the 
literature. For instance, Ruot et al. [4] showed that at the end of the test duration of 
30 hours, the mortars with 5% TiO2 (by weight of dry mix i.e 15% by weight of 
cement) were able to recover 60-70% of the initial coloration of the RhB. Similarly, 
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Bolte et al. [5] reported up to 90% reduction in coloration within 24 hours for mortar 
with 10% TiO2 by weight of white cement.  
 
The main finding of this study is that the silicate coated specimens with 15% TiO2 by 
mass of solid silicate have similar degradation performance as the mortar specimens 
with 2% and 4% TiO2 by mass of cement. It is important to note that the 12-mm thick 
mortar specimen with 2% TiO2 by mass of cement required 20 times more TiO2 than 
the silicate coated specimens of equivalent size coated with 3 layers of the silicate 
with 15% TiO2. Hence, the latter yields substantial economic advantage, and 
therefore a better option where abrasion is not a concern. While there are several 
possible reasons for the better performance of the silicate coated specimens, the 
amount of exposed TiO2 on the surface of the specimens is likely to be the dominant 
reason. 
 
(1) Effect of exposed TiO2 amount on the surface of the specimens 
Titanium element maps for the surfaces of a silicate coated specimen with 15% TiO2 
and a mortar specimen with 2% TiO2 are shown in Fig. 6a and Fig. 6b, respectively. 
The titanium concentration on the surface of the silicate coated specimen is much 
higher than that of the mortar specimen based on the color scale.  
Fig. 7 shows titanium element map of a cross-section of a silicate coated specimen. 
It indicates that the silicate coating penetrated into open pores of the specimen, and 
the thickness of the coating was approximately 0.4-0.6 mm on the surface. This 
differs from the mortar specimens in which TiO2 is distributed throughout.  
 
(2) Effect of TiO2 in open pores near specimen surface 
 
Although TiO2 in open pores near the surface of mortar specimens may be exposed 
to UV light, limited UV exposure of the TiO2 trapped in these pores may render these 
particles less active. In addition, particulate pollutants or reaction intermediates may 
deposit in these pores, which further reduce the photocatalytic reactivity of TiO2. 
However, in the silicate coated specimens, the pores near surface are filled to a 
large extent with more smooth surface than that of the mortar specimens, and thus 
with fewer such obstacles. 
 
 
(3) Effect of substrate elements on photocatalytic activity 
 
Photocatalytic activity of TiO2 strongly depends on the substrate. It has been well 
established that this activity can be greatly weakened due to the existence of calcium 
[21] and sulfur [22] in the substrate, which may accumulate on the surface, penetrate 
into the lattice of TiO2, and chemically bond with TiO2. This may compromise the 
activity of TiO2, weakening the resultant photocatalytic effect. Thus, if the amount of 
9 
 
exposed TiO2 on the specimen surfaces is similar, the silicate coated specimens are 
expected to have better photocatalytic performance than the mortar specimens since 
the latter contain abundant calcium and some sulfur. 
  
(4) Effect of mortar carbonation 
 
Carbonation of cement pastes was reported to lead to pronounced loss of 
photocatalytic activity over several months [23] due to the formation of calcite which 
can block the surface of the catalyst. The carbonation is also accompanied by a 
decrease in specific surface area and hence decreases the number of active sites 
available for photocatalysis. This may reduce the efficiency of TiO2 in degrading 
particulate pollutants over the mortar specimens observed in Fig. 8. 
 
Among these reasons and mechanisms mentioned above, the amount of exposed 
TiO2 on the surface of the specimens is likely the dominant one. 
 
 
3.3. Longer term photocatalytic efficiency of the specimens with TiO2  
The longer term photocatalytic efficiency of the specimens coated with silicate 
containing 15% TiO2 and the mortar specimens with 2% TiO2 was evaluated. The 
color changes ΔC of the specimens after 4 and 26 hrs of UV irradiation normalized 
by those of the corresponding control specimens in the 5 testing cycles are shown in 
Fig. 8.  
The color recovery of the mortar specimens with TiO2, after 4 and 26 hrs, decreased 
with the increase in the testing cycles. This indicates that with increased UV 
irradiation duration the TiO2 efficiency in degrading particulate pollutants was 
reduced. This is consistent with those reported by Wu et al. [16] and Asilturk et al. 
[17], and may be due to deactivation of the TiO2 catalysts caused by the formation of 
degradation intermediates and products which might block active sites on the 
surface of the TiO2 photocatalysts [24]. Deterioration of crystal structure was also 
reported as a possible reason for the decrease of photocatalytic efficiency of TiO2 
[25]. However, the XRD patterns before and after 400 hours of UV exposure (Fig. 9) 
were nearly identical for the TiO2 photocatalyst used in this study, which 
demonstrates persistent stability of TiO2 crystal structure. This suggests that within 
the investigated duration, there is no deterioration of crystal structure which may 
cause decreased photocatalysis of TiO2.  
For the silicate coated specimens with TiO2, however, the color recovery rates after 
4 and 26 hrs of UV irradiation increased with longer UV exposure in the first 3 test 
cycles (Fig. 8). This may be attributed to degradation of trace amount of organic 
additives in the silicate coating which may reduce the degradation on particulate 
pollutants during the earlier cycles. With the degradation of these organic additives 
by TiO2, the photocatalytic activity of the TiO2 may be gradually increased, resulting 
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in better performance of the coating with longer UV irradiation. After the 3rd test 
cycle, color recovery rates did not change significantly. Even after 2500 hrs of the 
UV irradiation, the silicate coated specimens showed satisfactory degradation 
efficiency of 95% when normalized from the control at 26 hours. 
 
4. Summary and conclusions 
 
Based on the results and discussion, following conclusions can be drawn. 
 
The silicate coating with 15% TiO2 by the mass of solid silicate was most effective in 
photocatalytic degradation of RhB – a surrogate of particulate pollutants - compared 
with the silicate coatings with 5%, 10%, and 20% of TiO2.  
 
The silicate coated specimens with 15% TiO2 (3 layers of coating) had photocatalytic 
performance comparable to the mortar specimens with 2% TiO2 by mass of cement 
although the former required 20 times less TiO2 compared to the latter in terms of 
the total TiO2 employed in the 12-mm thick specimens. The silicate coating with 15% 
TiO2 may be a better option in terms of cost and effectiveness in applications where 
abrasion is not a concern.    
 
The specimens coated with silicate containing 15% TiO2 showed satisfactory 
degradation efficiency in laboratory accelerated tests up to 2500 hours of simulated 
UV irradiation, similar to at least 2.4 years based on a tropical warm and humid 
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Tables and Figures 
Table 1(a)  
Summary of test methods and conditions in various studies in degradation of particulate pollutants and self cleaning 
surfaces (NA – not available)  
Reference  TiO2 type & size Type of specimen 
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W (λ> 290 nm) 
NA NA 8 
PICADA 
(Vallee et al. 
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Reference  TiO2 type & size Type of specimen 







dyes used for 
experiment 
a* Reading 











al. 2009 [28] 
PC 105, (Surface 
area 85 m
2
/g) as a 
reference with 
commercially 
available AHR (11 
m
2
/g, crystalline size 
150nm), AT1 (10 
m
2
/g, crystalline size 
150nm); 
Mortar  with both 
white and ordinary 
cement, TiO2 = 1%, 











Speed of destruction of 
colorant, 
 
Where V*areference is for 
PC105 







Ruot et al 
2009 [4] 
Anatase, 85 ± 10 
m
2
/g, crystalline size 
15-21 nm 
Mortar  
TiO2 = 0, 1, 3, 5% by 
wt of dry mixture;  
Cement pastes (CEM 
II), TiO2 = 0,1,3,5% 








1% TiO2: 13 
± 3 
3% TiO2:  32 
± 2 
5% TiO2: 24 
± 2 





range 290 – 
400nm 


















TiO2 dosage= 0,1, 
2,4,6% by wt of 








(+a*)dn is reading after n 
hr exposure, (+a*)0, (+a*)d 























Mortar (cement: sand: 






At least 12 
 
a*(0) before exposure to 
light, a*(4) after 4 hr 
exposure and a*(26) after 
26 hr exposure 
UVA 







4 and 26 
hrs 








Substrate TiO2 type, size and 
dosage 





- 0.05, 0.1, 0.15 and 2% by 
total weight of coated granule 
Commericial Anatase TiO2 
(ISK- ST01); 
- 0.05, 0.1 and 0.15% Degussa 
P25 (Anatase + Rutile); 
- 0.05, 0.1, 0.15 and 1% 
commercially available Catalite; 
- 0.7% Rutile TiO2 (non-
photocatalytic) as reference 
Algal growth Slight to no algal 





NA NA Optimal dosage 
of TiO2 for 
Antibacterial 
effect 
10-30% TiO2 by 
total weight was 
found to be optimal 
 Naruse et 
al. 2007 
[11] 
NA - Synthesized Anatase TiO2 
(particle diameter 8 to 20nm)  
 











et al. 2007 
[12] 
Glass NA NOx 
degradation 
Good degradation, 











NO2 for NOx 
concentration of 220 
ppb after 6 hrs 
irradiation 
 Allen et 
al. 2009 
[13] 
NA Commercially available PC105 
TiO2 
TiO2 dosage: 0-6% 
Methylene blue 
dye degradation 
Increase in TiO2 
dosage leads to 
increase in dye 
degradation 




Commercially available TiO2 
STS 21, with mean cluster size 
less than 300nm; The coating 
contained 0.1% to ~90% 
photocatalyst by solid weight.  
Preferred weight percentage: 
30% to 80%. 
Color change of 







cluster size of TiO2 







2 types TiO2,  
(1) particle size  21nm,  




of Orange II after 60 
min exposure;  
No to partial 
antimicrobial effect 
for silicate coating 






Properties of the TiO2 photocatalyst* 
Characteristics Typical Value 
Specific surface area (BET) (m2/g) 50 ± 15 
Average primary particle size (nm) 21 
Density (g/l) Approximately 130 
Ignition loss (2 hrs at 1000 0C) (wt.%) ≤  2.0 
pH-value 3.5 – 4.5 
TiO2-content (based on ignited material) (wt.%) ≥  99.5 




Effect of RhB loading on (+a*) readings  
 (+a*) reading 
RhB loading on specimen 
surface, g/cm2 
Silicate coated specimens with 
15% TiO2 by mass of solid silicate 
Mortar specimens with 2% 
TiO2 by mass of cement 
4.2 24.5 12.4 






























L* = Black (Min = 0) 
L* = Diffuse White (Max = 100) 
+a* = Red 
-a* = Green 
+b* = Yellow 







Fig. 3. Scheme on photocatalytic durability test of the mortar and silicate coated 






Fig. 4. Effect of TiO2 dosage on photocatalytic degradation of the silicate coated 
specimens (RhB = 4.2μg/cm2). 
 
                         




Rhodamine B degradation evaluated 
UV Irradiation 















Fig. 5. Comparison of degradation performance of the silicate coated specimens and 






Fig. 6. Titanium elemental maps for the surfaces of a silicate coated specimen with 
15% TiO2 (a) and a mortar specimen with 2% TiO2 (b). 
 
Fig. 7. Titanium elemental maps of a cross-section of a silicate coated specimen 





Fig. 8. Color changes of the specimens normalized by those of the corresponding 
control specimens (RhB = 4.2 μg/cm2). 4 represents after 4 hour irradiation and 26 
represents after 26 hour irradiation. 
 
 
Fig. 9. XRD patterns of the P25 TiO2 catalysts before and after 100, 200 and 400 
hours of UV exposure. 
